TITLE OF THE INVENTION 


Anaesthetic contoller 

BACKGROUND OF THE INVENTION 

The invention relates to an anaesthetic controller for influencing the rate of 
active substance supply to a patient's body to attain and maintain a required 
state of anaesthesia. 

For quite some time research work has been carried out with regard to 
closed-loop control systems for anaesthesia purposes. In the field of pharma- 
ceutical research fundamental action models of specific active substances 
have been developed. The findings allow a mathematical simulation of the 
active substance concentration in the patient's blood plasma. The prediction 
accuracy is approximately +/- 30 %. Latest applications allow a model-based 
control of specific active substances. According to the handling habits of the 
user it is desired to make use of the quality of predicting algorithms or the 
quality of directly controlling algorithms. An essential feature in this connec- 
tion is the fundamental finding that an empirically determined model cannot 
simulate the entire correlations and the calculated concentration is not neces- 
sarily connected with the active effect and its intensity. In any case, a medical 
experience-based correction carried out by the user utilizing various non- 
measurable parameters for evaluating the intensity of the active effect is de- 
sirable. 


SUMMARY OF THE INVENTION 

It is an object of the invention to provide an anaesthetic controller operating 
on the basis of the active substance concentration in the patient's body al- 
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though said active substance concentration is not detectable as a measured 
variable in real time. 

According to the present invention the present active substance concentration 
5 in the patient's body is calculated on the basis of a patient model taking into 
consideration former active substance supply values. According to the current 
value of the present active substance concentration calculated in this way the 
active substance supply rate to the anaesthetic controller is changed such that 
the present active substance concentration is controlled to attain a target 

10 value. In this manner a closed-loop control system controls the active sub- 
stance concentration in the patients body such that a desired target value is 
attained. The patient model is operated on the basis of a predicting algorithm 
taking into consideration former active substance supplies, wherein it is pos- 
sible to distinguish between different distribution periods with different time 

15 responses. The patient model thus delivers, on the basis of the preceding ac- 
tive substance rates and supply periods, information on the present active 
substance concentration in the patient's body. This calculation is of the pre- 
dicting type and is termed TOI method (target-oriented infusion). The pa- 
rameter set required for calculating the active substance concentration is 

20 taken from a drug data bank and transferred to the patient model. The pa- 
tient model calculates the active substance concentration on the basis of the 
profile of the former active substance supply, wherein this value can be used 
as actual value for control purposes. 

25 The target value of the active substance concentration can be adjusted by the 
user on an input device. This allows medical knowledge to be integrated in the 
control. The supervising physician can determine a target value on the basis 
of a time chart of the active substance concentration in the patient's body and 
adjust said target value. He can also carry out a time modification of said tar- 

30 get value. 

According to a preferred aspect of the invention the control portion for the 
active substance concentration is supplemented by a BIS control portion. The 
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latter delivers a respective target value of the active substance concentration 
from the bispectral index. Said bispectral index is a characteristic value de- 
rived from the patient's EEG and indicates an anaesthestic level. The index 
ranges between values of 0 (wide awake) and 100 (sedated). On the basis of 
5 the respective BIS value the target value of the active substance concentra- 
tion can be manually adjusted. However it is also possible to use the BIS 
value for automatic adjustment of the target value of the active substance 
concentration. Preferably the time behaviour of the BIS value is indicated on a 
display. The user can thus obtain at any time a complete representation of the 
10 active substance supply, the active substance concentration and the depth of 
anaesthesia. 


BRIEF DESCRIPTION OF THE DRAWING 

15 

Hereunder an embodiment of the invention is explained in detail with refer- 
ence to the only figure of the drawing. 

The drawing shows a block diagramm of the anaesthestic controller. 

20 

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENT 

The anaesthetic controller comprises a model computing portion 10 including 
25 a patient model 11. The patient model is a mathematical simulation of the 
reaction of the patient's body to active substances. The data of numerous ac- 
tive substances are included in a drug data bank 12. The patient model 11 is 
a complex model made up of three distribution rooms showing different time 
responses. The patient model is not only supplied with active substance data 
30 from the drug data bank 12 but also with data on the active substance con- 
centration in the respective drug. 
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An infusion pump 13 delivers an infusion fluid containing the active substance 
at a supply rate R to the patients body 14. The value of the supply rate R is 
continuously communicated to the patient model 11. 

5 From the former values of the active substance supply the patient model 11 
calculates the actual value of the active value concentration CN actua i in the pa- 
tient's body. At the same time said actual value of the active substance con- 
centration CNactuai over a period t is indicated on a display 15. 

10 The active substance concentration in the patient's body is, in the present 
case, the active substance concentration in the patient's blood plasma, which 
is determined according to the predicting algorithm TOI (target-oriented infu- 
sion) from the supply rate R values. 

15 The value CN ac tuai is supplied to a concentration controller 17 included in a 
control portion 16. The concentration controller 17 further receives the de- 
sired value of the active substance concentration CN deS ired from a selection 
means 18. Said selection means 18 selects either the manually entered target 
signal CNT MAN of the active substance concentration delivered by an input 

20 means 19 or the signal CNT B i S delivered by a BIS control portion 20. Said sig- 
nal is supplied via a switching means 21. When said switching means 21 is 
locked, signal CNT MA n is effective as desired signal CN deS ired- When said switch- 
ing means 21 is switched to passage only the signal CNT B is is effective. 

25 The BIS control portion 20 includes an EEG-BIS converter 22 which deter- 
mines a BIS level from the EEG signals delivered by the patient's body 14, the 
BIS level being a measure of the depth of anaesthesia. 

The BIS control portion 20 further includes a BIS controller 23 to which is 
30 supplied on the one hand a BIS target value T B is as desired value and on the 
other hand the BIS signal from the EEG-BIS converter 22. The BIS controller 
23 generates the target signal of the active substance concentration CNT B i S 
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from the control deviation, i. e. the difference between the signals T B is and 
BIS. 

In the BIS control portion the BIS level over time t is indicated on a display 
5 23. 

In the control line 25 from the concentration controller 17 to the infusion 
pump 13 a switching means 26 is provided. When said switching means 26 is 
in the conducting state, the concentration controller 17 assumes control of the 
10 infusion pump 13. Said concentration controller can be operated according to 
current deterministic control methods, e. g. as PID-controller, two-position 
controller or similar. 

According to the position of the switching means 21 the selection means 18 
15 selects whether the signal CNT B is or the signal CNT MA n is to be supplied as de- 
sired signal CN deS ired. The user can thus either set a desired active substance 
concentration CN M an at the input means 19 or a desired BIS level at an input 
device 27. When a BIS level is entered and the switching means 21 is in the 
conducting state, the capacity of the infusion pump 13 is controlled such that 
20 the desired BIS level 

Tbis Is adhered to. 

Combination of TCI control and BIS control offers the advantage that inde- 
pendently of the built-up bispectral index (BIS) rapid control of a first concen- 
tration level takes place. The user can obtain at any time a complete repre- 
25 sentation of the active substance supply, the plasma concentration and the 
depth of anaesthesia. 

For monitoring automatic anaesthesia the therapeutic range of the active sub- 
stance supply is supervised. For this purpose it is checked whether the active 
30 substance concentration remains between an upper and a lower limit value. If 
the limit values are reached, the user is informed accordingly so that he can 
take the necessary measures. Parallel to this the active substance consump- 
tion, which is an important parameter of anaesthesia, is monitored. 
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Although a preferred embodiment of the invention has been specifically illus- 
trated and described herein, it is to be understood that minor variations may 
be made in the apparatus without deportioning from the spirit and scope of 
5 the invention, as defined in the appended claims. 


